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The first aquoorganochromium(III) complex, 
pentaaquobenzylchromium(III), was prepared by Anet and 
Leblanc1 in 1957 by the reduction of benzyl chloride with 
chromium(II). Other aquoorganochromium(III) 2 'J, 4 ,5 
complexes have been prepared by the same general reaction, 
the mechanism of which is considered to be: 
c 2+ I crx2+ + 
I 
r + X-C- > ·c-
I I 
cr2+ 
.I H2o I 2+ + ·'C;.. > (H2o) 5cr-y-I 
Dihalomethyl- and monohalomethylchromium(III) complexes 
(where halo = Cl,. Br, and I) have been prepared by Dodd 
and Johnson3 by the reduction of haloforms and dihalo-
methanes, respectively, with chromium(II). 
The aquation reactions for various aquoorgano-
ch.romium(III) complexes have been studied and three 
major types of mechanisms have been proposed: homolytic, 
heterolytic (solvent-assisted) and concerted. 4 '5' 6 The 
homolytic cleavage can be written: 
1 
where L = organic ligand. A homolytic pre-equilibrium 
was proposed by Schmidt and Swaddle4 for the hydrolysis 
of the 4-pyridiomethylpentaaquochromium(III) ion (1) 
:followed by the rearrangement of the organic radical (£) 
before reduction by chromium(II): 
) 
The aquation reaction has a large positive 6St value of 
37 eu and an activation energy of 16.8 kcal/mole. The 
large positive ASt is considered characteristic of a 
homolytic reaction.? 
Heterolytic cleavage can be expressed as follows: 
where L = organic ligand. Solvent-assisted heterolytic 
cleavage was proposed by Schmidt, Swinehart and Taube5 
for the aquation of alcohol-chromium(III) complexes •. 
2 
In the proposed mechanism, the activated complex con-
tained a solvent molecule in a position to hydrogen 
bond with the organic ligand. The isopropyl alcohol-
chromium(III) complex was studied in son1e detail. The 
rate law was of the form: 
where CrL2+ = (H2o) 5crL
2+ and L = organic ligand. The 
~at and ~st values for the acid independent pathway 
were 17.1 kcal/mole and -11 eu, respectively. For the 
acid dependent pathway the values of ~H and ~s were 
19.4 kcal/mole and -5 eu, respectively. 
A concerted mechanism was proposed by Malik, 
Schmidt, and Sp:ceer6 for the hydrolysis of the penta-
aquotrifluoromethylchromium(III) complex (J). 
F 2+ 
(H2o) 5cr-C-F + H20 
(.}) F 
--~) Cr(OH2) 5
3+ + :CF2 + HF + OH-
It could not be determined whether the carbon-fluoride 
bond and the chromium-carbon bond break simultaneously 
or if the chromium-carbon bond breaks immediately after 
the breaking of the carbon-fluoride bond. If. the carbon-
fluoride bond breaks first, a carbonium ion intermediate 
would form: 
3 
> + OH + HF 
) 
The reaction has an acid independent and acid dependent 
pathway. The rate law was expressed: 
The values of dHt and dSt for the acid independent and 
dependent pathways were 24.9 kcal/mole and -9 eu, and 
22.9 kcal/mole and -14 eu, respectively. 
4 
The purpose of this thesis was to determine the 
kinetics and stoichiometry for the aquation of the penta-
aquomonobromomethylchromium(III) complex (4). The complex 
was prepared_by the reduction of dibromomethane by 
chromium(II). The products of aquation, in the absence 
of oxygen, were found to be hexaaquochromium(III), 
methanol, and bromide. The balanced net ionic reaction 
can be written: 
The reaction was found to be first order with respect to 
the concentration of the complex. The possible mechanisms 
which are discussed include the formation of carbonium 
ion and carbene reactive intermediates. The homolytic 
and solvent-assisted heterolytic mechanisms were 
eliminated as possibilities because of inconsistencies 




All water used was initially deionized by passage 
through a mixed resin bed deionizing column and then 
distilled from an all glass still (Belco Glass Inc., 
Model 220). The following chemicals were used as received 
from the supplier unless otherwise noted: distilled 
acetone, dibromomethane (Aldrich, Matheson Coleman and 
Bell), chromium metal (Fischer), perchloric acid (70%, 
Mallinckrodt), sodium carbonate, sodium hydroxide, hydrogen 
peroxide (J%), silver nitrate, potassium thiocyanate, 
chromotropic acid (practical grade, Matheson Coleman and 
Bell), formaldehyde solution (37%, Baker), eerie ammonium 
nitrate (Baker), potassium chromate, ferrous sulfate, 
1,10-phenanthroline (Aldrich). (Suppliers are noted if 
known.) 
The nitrogen gas (dry grade, Union Carbide) was 
passed through a heated copper(I) oxide catalyst (BASF, 
RJ-11) tube (1.5 to 1.8 meters) to remove any oxygen 
impurity . 
. The cation exchange resin used was Dowex 50-X8, 
100-200 mesh, hydrogen form, from Bio Rad·. The resin 
was activated and/or cleaned with approximately 15 m.l of 
6 
----------------- ------------
6 !!'!hydrochloric acid prior to use and rinsed with water 
to remove chloride ions. 
Kinetics were run in water baths at three tempera-
tures: 35.0 ~ 0.1·c, 45.0 ~ 0.1·c, and 55.0 ~ 0.1·c. 
The heating units used were: Lauda K4R, Haake constant 
temperature circulator (Models ED and E52), and Thermis-
temp temperature controller (YSI Model 71) by Thomas 
Company. 
Kinetic spectral measurements were taken on a 
Gilford modified Beckman DU spectrophotometer. 
Preparation of Solutions 
Chromium(Ill Perchlorate8 
7 
A 0.5 !!'! solution of perchloric acid in a 250 ml 
flask was deaerated with nitrogen for three hours using 
a teflon needle. A piece of chromium metal, 2 .. pproximately 
0.8 em in diameter, was cleaned with 6 M hydrochloric acid 
to remove the oxide coating. The piece of metal was 
rinsed with water and then immediately placed in the 
deaerated perchloric acid. The container was sealed 
with a rubber septum secured with nickel-chromium wire. 
As the reaction progressed the septum was punctured 
with a hollow stainless steel needle to release the 
hydrogen gas evolved by the reaction. The solution was 
· sky blue upon completion of the reaction and was stored 
in the reaction flask·under nitrogen. 
Sodium Perchlorate 
A so~.ution of anhydrous sodium carbonate ( 300 g 
in approximately 2 1 of water) was neutralized with 70% 
perchloric acid, checking with a pH meter. 
To standardize the solution, an aliquot was 
placed on a cation exchange column in the hydrogen 
form and the rinsed with water until the eluate was 
neutral (checked with litmus paper). The water was 
collected and titrated with standardized sodium 
hydroxide. 
1.0 M Ionic Strength §elutions 
The 1.0 M ionic strength solutions were use~ 
to elute the complexes off the column. 1.0 M perchloric 
acid solutions were prepared from 70% perchloric acid 
and standardized with sodium hydroxide. More concen-
trated perchloric acid solutions were also made and 
standardized against sodium hydroxide. These solutions, 
along with the standardized sodium perchlorate, were 
used to prepare 1.0 M ionic strength solutions at 
various hydrogen ion concentrations. 
Pentaaquomcnobromomethylchromium(III) Perchlorat~ 
Twenty ml of acetone and five ml of dibromo-
methane were placed in a reaction flask containing a 
magnetic stirrer, and the flask was then sealed with a 
rubber septum. The solution was deaerated with nitrogen 
for fifteen minutes and then approximately 35 ml of 
8 
chromium(II) perchlorate solution was added. The mixture 
was stirred for at least one hour. The aqueous layer was 
diluted with water and placed on the cation exchange 
column. The column was rinsed with 0.1 M perchloric acid 
(approximately 125 ml) until a precipitate (AgBr) was not 
formed after the addition of silver nitrate solution to a 
portion of the eluate. The complexes were then eluted 
with 1.0 M ionic strength solution. The first complex 
eluted was green pentaaquomonobromochromium(III), then 
came the complex, reddish-brown pentaaquomonobromomethyl-
chromium(III). Bluish-purple hexaaquochromium(III) and 
dark green dimer were left on the column. These were 
removed when the ·resin was cleaned with 6 M hydrochloric 
acid. 
Analyses 
The pentaaquomonobromomethylchromium(III) complex, 
in a brown bottle, was deaerated for one to two hours. 
This bottle was then sealed with a new rubber septum 
secured with wire. The dissociation of the complex was 
allowed to go to completion (24 hours) in a water bath 
maintained at ss.o·c. 
Chromium( III) 
Hexaaquochromium(III) was oxidized to the 
chromate ion. The chromate ion concentration was then 
determined spectrophotometrically. 
An aliquot of sample was placed in a test tube 
9 
and 0.5 ml of 3% hydrogen peroxide was added. Sodium 
hydroxide pellets were added until the solution was 
basic. The solution was diluted slightly with water 
and then heated in a hot water bath for at least one 
hour. After cooling, the solution was transferred 
quantitatively to a volumetric flask and diluted to 
volume. Using the absorbance read at 372 nm and the 
molar absorptivity value of 4815 M-1cm-1 ,9 the 
chromium concentration can be calculated. 
J:.!alide 
Aliquots were analyzed for bromide ion by the 
Volhard method. 10 Blanks were run to show that the 
presence of hexaaquochromium(III) and other products 
did not interfere with the analysis. 
An aliquot of sample was placed in a 250 ml 
Erlenmeyer flask and approximately one hundred ml of 
water was added. A known quantity of standard silver 
nitrate was added to the flask. The silver nitrate was 
10 
in excess with respect to the theoretical amount of bromide 
in the aliquot of sample. Two ml of concentrated nitric 
acid and two ml of iron(III) indicator (a saturated 
solution of iron(III) ammonium sulfate in 6 M nitric 
acid) were added and mixed thoroughly. The excess 
silver nitrate was titrated with standard potassium 
2+ thiocyanate until the color of FeSCN was permanent 
. for one minute. 
---------------------------------
Methanol 
Methanol was analyzed by oxidation to carbon 
dioxide with a cerium(IV)-chromium(VI) oxidizing solution 
according to the procedure described by Ferraris. 11 All 
solutions in this analysis were prepared with doubly 
distilled water. 
It was found that bromide and hexaaquo-
chromium(III) reacted with the oxidizing solution of 
cerium(IV)-chromium(VI) so they had to be removed. The 
11 
. * amount of silver nitrate solut1on necessary to precipitate 
the bromide was added to an aliquot of the sample. The 
mixture was poured onto a short (2 to 3 em) cation 
exchange column. The column removed hexaaquochromium(III) 
and filtered out the silver bromide precipitate. The 
column was rinsed with double distilled water. Blanks 
were run to determine how much water was necessary to 
remove the methanol from the column (approximately 25 ml). 
The eluate was collected in a volumetric flask and diluted 
to volume. 
Five ml of the diluted solution was placed in a 
flask with ten ml (2.5 to 4-fold excess) of oxidizing 
solution (0.315 M Ce(IV), 0.0152 M Cr(VI), 3M H2so4 ). 
Thirty ml of concentrated sulfuric acid was added to make 
the solution 12 M in sulfuric acid, and the reaction flask 
*Fajans method was used. to standardize silver nitrate. 12 
------------------- -----· ------------
12 
was corked and allowed to sit. for five hours. The solution 
was the diluted with 13.5 ml of double distilled water to 
make it 3M in sulfuric acid. After the mixture had 
reached room temperature, the unreacted oxidizing solution 
* was titrated with standardized ferrous sulfate using 
** ferroin as the indicator. 
Blanks were run on double distilled water which 
had been previously passed through a cation exchange 
column containing hexaaquochromium(III) and solid silve~ 
bromide. Aliquots of this water were taken and treated as 
discussed above. The average amount of oxidizing solution 
that reacted with the water was then subtracted from the 
total amount oxidized in the methanol sample. This ·was 
done to insure that the calculated amount of reacting 
oxidizing solution reacted with just the methanol and 
not any impurity that may have been carried through the 
procedure. 
Formaldehyde 
Formaldehyde was determined by the spectrophoto-
metric method of Bricker and Johnson. 14 An aliquot of 
sample was put on a short (2 to 3 em) cation exchange 
*Ferrous sulfate was standardized against eerie sulfate. 13 
** Ferroin was prepared with 1,10-phenanthroline and ferrous 
sulfate. 13 
column to remove hexaaquochromium(III), which interferes 
with the analysis, and rinsed with approximately twenty 
ml of water. The eluate was collected in a 50 ml 
volumetric flask and diluted to the mark. Rinse water 
from the column was spot tested for completeness of 
rinsing. 
0.5 ml of the diluted solution was placed in a 
test tube with 0.5 ml of 10% chromotropic acid (2.5 g of 
chromotropic acid in 25 ml of water). Five ml of concen-
trated sulfuric acid was added slowly with mixing, and 
the test tube was heated in a hot water bath for 30 
minutes. After cooling, the solution was transferred 
quantitatively to a volumetic flask and diluted to 
volume. After the diluted solution had cooled and the 
13 
volume correction made, the absorbance was read at 570 nm .. 
At the same time as the sample was run, formaldehyde 
standards fo~ a calibration curve were run (Figure 1). 
The standard formaldehyde concentrations were determined 
by the bisulfite-iodometric procedure of Donnally. 15 A 
blank was also run using water instead of formaldehyde. 
Procedure 
Spectral Measurements 
Absorbance reading were made on a Gilford 
modified Beckman DU spectrophotometer (accuracy ~ 1% in 
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FIGURE 1 
BEER'S LAW PLOT FOR 
FORMALDEHYDE/CHROMOTROPIC ACID 
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The UV-Vis spectrum was taken of the complex 
before and after dissociation to determine the wave-
lengths at which the reaction should be followed. The 
reaction should be followed at wavelengths where the 
change in absorbance is maximized. For the pentaaquo-
monobromomethylchromium(III) complex the wavelengths 
chosen were 362, 395, and 410 nm. 
General Kinetic Procedure 
Approximately 80 ml of the complex solution 
was deaerated in a brown bottle for two hours and 
sealed with a septum secured with wire, if the reaction 
was to be done in the absence of oxygen. If done in 
the presence of oxygen the flask was just stoppered, 
generally with a ground glass stopper, after bubbling 
15 
with oxygen. The reaction bottle was placed in a water 
bath and allowed to reach the specified temperature. With 
a syringe, an aliquot was taken and placed in a cell. The 
time was noted. At 45.0"C and 55.0'C the dissociation 
was rapid enough to requre quenching the reaction prior 
to reading the absorbances. To quench the reaction the 
syringe and cell were chilled in ice for 3 to 4 minutes 
prior to removing an aliquot. After placing the aliquot 
in the cell the cell was left in ice for 2 to 3 minutes 
until the aliquot reached room temperature and then 
removed. Absorbance readings were taken at the chosen 
wavelengths. As the reaction progressed, aliquots were 
taken, noting the time. The reaction was followed to 
infinity; infinity being defined as ten times the first 
half-life. The data (time and absorbance) were fed 
0 * 1.nto a computer program, "RATECONSTANT," a linear least 
squares. The program calculated the rate constants 
and their standard deviations. 
* The computer program was written by Dr. R. P. Dodge, 




The UV-Vis spectrum of the pentaaquotnonobromo~ 
methylchromium(III) complex was run in 1.0 M perchloric 
acid. Figure 2 is a plot of molar absorptivity, e M-1 
-1 em , vs wavelength. Absorbance maxima appeared at 397 
nm ( e = 229.3), 520 nm ( e = 25.1) and at approximately 
267 nm. The location of absorbance maxima agree with 
those reported by Dodd and J6hnson3 but the molar 
absorptivities obtained were higher than those reported 
* by them: 397 nm ( E = 144.7) and 520 nm ( e = 21.9). 
A chromium-carbon sigma bond was proposed in 
the pentaaquomonobromomethylchromium(III) complex 
because other work has shown that in an octahedral 
con1plex containing a chromium-carbon sigma bond an 
absorbance maximum appears in the region of 380 nm.5 
Stoichiometry 
The aquatiDn of pentaaquomonobromomethyl-
chromium(III) complex, in the absence of oxygen, gave 
*Most possible impurities such has (H2o) 6cr3+ or Cr(OH2 )5
Br2+ 
have lower molar absorbancy coefficients than the complex 
in question, and the higher values obtained in this work 
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co 
hexaaquochromium(III), methanol, and bromide as products. 
Hexaaquochromium(III) was found to be the only chromium 
containing species from the spectra of the aquated 
complex and from behavior on an ion-exchange column. 
Chromium(III) was determined spectrophotometrically as 
chromate. Bromide was determined titrimetrically using 
the Volhard method. 
The identity of the carbon containing species 
was determined by trial and error. No pressure build-
19 
up was noticed during the aquation so carbon monoxide, 
carbon dioxide, and bromomethane (b.p. = J.6•c) were 
eliminated as possibilities. Formaldehyde analyses were 
performed but could not account for all the carbon. 
Formaldehyde was thought to.be a minor product until it 
was found to be present before and after aquation in the 
same quantity. Apparently the complex reacts with oxygen 
while on the cation exchange column. The conclusion 
that formaldehyde is a product of a reaction between the 
complex and oxygen is supported by the increase in 
formaldehyde found in reactions which had been saturated 
with oxygen prior to aquation. 
A spot test for methanol was performed using 
eerie ammonium nitrate as described by Mitchell, et. a1. 16 
This gave a positive test if several ml of sample were 
added instead of the one or two drops called for in the 
procedure. A quantitative test for methanol was then 
found. 
Gas chromatography was tried by the results were 
poor. In a sample of 37% formaldehyde solution, which 
contained 8-10% methanol, the methanol peak is found off 
the tail of the water peak. In the aquated sample the 
methanol concentration was so small compared to water 
that no discernible peak was seen since the large water 
peak had considerable tailing. 
The procedure described by Ferarris11 seemed to 
20 
give the best results. It was then determined that the only 
carbon containing product was methanol. 
The chromium to carbon and chromium to bromide 
ratios were found to be 1:0.99 and 1:1, respectively. 
The results are summarized in Table I. Varying the 
hydrogen ion concentration did not change the ratio of 
products. 
Kinetics 
Aquation of the pentaaquomonobromomethyl-
chromium(III) complex was followed by measuring the 
change in absorbance with time at 362, 395, and 410 nm. 
The absorbance vs time data are given in Table II. 
Initial concentrations of the complex ranged from 
0.01 M to 0.005 M. The rate coefficients as a function 
of temperature and hydrogen ion concentration were 
obtained by using a linear least squares program, 
"RATECONSTANT," on the computer for ln (At-A00 ) vs time 
(first order kinetics) and are given in Table III. 
21 
TABLE I 
PRODUCTS FOR THE AQUATION 
OF (H2o) 5
CrCH2Br
2+ IN THE 
ABSENCE OF OXYGENa 




0.10 0.0108 0.0106 1:0.98 
1.0 0.0168 0.0169 1:1 
1.0 0.00747 0.00736 1:0.98 
0.10 0.00891 0.00880 1:0.99 
[H1 (M) Total
3
moles moles Cr:Br ratio 
Cr + bromide 
1.0 0.0140 0.0140 1:1 
1.0 0.0240 0.0241 1:1 
1.0 0.0154 0.0164 1:1.06 
0.10 0.00978 0.0948 1:0.97 
0.10 0.0199 0.0205 1:1.03 
Cr:C:Br ratio 
1:0.99:1 
a) Ionic strength is maintained at 1.0 M with NaClo4 . 
TABLE II 
ABSORBANCE VS TIME FOR THE AQUATION 
OF (H2o) 5CrCH2Br
2+ IN THE 
ABSENCE OF OXYGEN 
IONIC STRENGTH MAINTINED AT 1.0 M BY NaCl04 
(H+J = 1 . 0 M 
Temperature = 55.0"C 
Cell path= 1.00 em 
Run #1 
Time .\ = .362 nm 
(minutes) 
o.o 1.04.3 



























.\= .395 nm 
1.120 
0.898 
















TABLE II (continued) 
Run #2 (continued) Absorbance 
Time >.: 362 nm >. = 39.5 nm >. = 410 nm 
(minutes) 
.59.1 0 • .564 0.773 0.666 
102 . .5 o.43.5 0.60.5 0 • .53.5 
207.0 0.229 0.34.5 0.307 
264.3 0.173 0.267 0.2.53 
319.7 0.134 0.21.5 0.208 
379.4 0.114 0.184 0.178 
460.2 0.092 0.1.56 0.1.57 
(I) 0.063 0.11.7 0.123 
Run #3 Absorbance 
Time ~ = 362 nm >.= 39.5 nm A.= 410 nm 
(minutes) 
o.o 0.748 0.982 0.843 
.5.5.2 0 • .524 0.708 0.628 
10.5 . .5 0.380 0.527 0.463 
163.3 0.292 0.383 0.339 
238.0 0.177 0.264 0.243 
299.2 0.134 0.208 0.193 
37.5.7 0.097 0.160 0 .1.58 
438.1 0.079 0.137 0.142 
488.7 0.069 0.12.5 . 0.137 
621.0 0.061 0.107 0.11.5 
Q} o.oso 0.093 0.100 
24 
TABLE II (continued) 
Run #4 Absorbance 
Time A= 362 nm A= 395 nm A= 410 
(minutes) 
o.o 0.696 0.930 0.799 
28.9 0.587 0.781 0.670 
52.8 0.489 0.685 0.592 
92.7 0.396 0.545 0.480 
201.5 0.206 0.307 0.279 
257.9 0.155 0.241 0.220 
313.8 0.120 0.190 0.187 
373.4 0.084 0.162 0.154 
452.6 0.081 0.136 0.138 
(X) 0.053 0.098 0.105 
Run ti..5. Absorbance 
Time A= 362 nm A= 395 nm A= 410 nm 
(minutes) 
o.o 0.348 0 .4'?3 0.400 
34.4 0.280 0.388 0.336 
74.9 0.225 0.313 0.272 
139.4 0.156 0.222 0.202 
200.2 0.116 0.170 0.157 
267.3 0.088 0.132 0.126 
315.8 0.072 0.114 0.111 
366.9 0.062 0.101 0.099 
451.4 0.055 0.092 0.091 
0.041 0.075 0.075 
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TABLE II (continued) 
(H+] = 0.10 M 
Temperature = 55.0"C 
Cell path= 1.00 em 
Run fi.6 Absorbance 
Time A= 362 nm A= 395 nm A= 410 nm 
(minutes) 
0.0 1.209 1.624 1.380 
38.0 1.138 1.283 1.098 
82.0 0.713 0.978 0. 84lt 
177.0 0.417 0.597 0.528 
218.0 0.322 0.471 0.424 
.260.0 0.259 0.397 0.364 
292.0 0.220 0.343 0.313 
454.0 0.128 0.219 0.216 
tV 0.090 0.164 0.171 
Run 11.7. Absorbance 
Time A= 362 nm A.= 395 nm A =. 410 nm 
(minutes) 
o.o 0.624 0.838 0.716 
36.3 0.485 0.660 0.566 
72.8 0.392 0.541 0.469 
130.2 0.273 0.392 0.334 
162.9 0.225 0.323 0.283 
204.1 0.175 0.259 0.231 
284.3 0.123 0.187 0.174 
339.9 0.097 0.152 0.147 
403.3 0.078 0.128 0.123 
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TABLE II (continued) 
Run #7 (continued) Absorbance 
Time A = .362 nm A= .395 nm A= 410 nm 
(minutes) • 
461.7 0.068 0.115 0.115 
600.2 0.056 0.097 0 .1 0.3 
tlJ 0.047 0.087 0.091 
Run t/..8 Absorbance 
Time A= .362 nm A = .395 nm A = 410 nm 
(minutes) 
o.o 0.604 0.818 0.698 
.35.1 0.486 0.661 0.572 
72.2 0.,382 0.5.32 0.461' 
129.8 0.271 0.,386 0 . .3.37 
161.0 0.222 0.,318 0.281 
201.4 0.178 0.261 0.2.35 
281.8 0.120 0.186 0.174 
.3.31.7 0.100 0.158 0.151 
.395.0 0.079 0.1.30 0.125 
452.9 0.067 0.116 0.116 
589.1 0.054 0.096 0.098 
Q) 0.044 0.084 0.090 
Run :;l2 Absorbance 
Time A= .362 nm 
(minutes) 
A= .395 nm A= 410 nm 
o.o 0.41.3 0.558 0.481 
42.5 0.,308 0.427 0.,369 
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TABLE II (continued) 
Run #9 (continued) Absorbance 
Time .\= 362 nm A= 395 nm .\ = 410 nm 
(minutes) 
94.2 0.223 0.313 0.273 
172.5 0.148 0.210 0.191 
221.0 0.116 0.168 0.155 
320.2 0.075 0.120 0.115 
355.2 0.067 0.109 0.106 
411.9 0.058 0.097 0.096 
455.6 0.053 0.091 0.093 
(l) 
0.039 0.071 0.076 
Rub ff.).O Absorbance 
Time A= 362 nm A= 395 nm A= 410 nm 
(minutes) 
o.o 1.042 1.401 1.184 
41.4 0.790 1.087 0 .. 932 
70.1 0.647 0.900 0.779 
101.1 0.523 0.740 0.643 
148.1 0.377 0.555 0.491 
214.3 0.255 0.395 0.362 
269.6 0.183 0.300 0.282 
327.9 0.144 0.250 0.240 
392.4 0.113 0.209 0.205 
466.2 0.094 0.183 0.186 
587.8 0.075 0.156 0.163 
(I) 0.060 0.136 0.147 
~~ ~-~-~~---·--------------------· 
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TABLE II (continued) 
Run #..11 Absorbance 
Time A.= 362 nm A= 39.5 nm A= 410 nm 
(minutes) 
o.o 0.74.5 0.997 0.8.51 
33 . .5 0 • .596 0.803 0.688 
62.0 0.,500 0.679 0.,586 
93.3 0.408 0.56.5 0.492 
140.1 0.298 0.428 0.37.5 
20.5 . .5 0.203 0.303 0.270 
261.5 0.1.50 0.231 0.211 
320.3 0.112 0.18.5 0.17.5 
384.1 0.090 0 .1,54 0.1.50. 
4,58.1 0.072 0.128 0.130 
.580.6 0.0.57 0.108 0.116 
688.6 0.0.51 0.102 0.106 
(I) 0.044 0.096 0.101 
(H+] = 1.0 M 
4,5.0'C Temperature = 
Cell path = 1.00 em 
Run #12 Absorbance 
Time A= 362 nm A. = 39.5 nm A= 410 nm 
(minutes) 
o.o 1.033 1.372 1.166 
11,5.1 0.842 1.130 0.962 
216.6 0.699 0.9.51 0.811 
323.1 0 • .579 0.?96 0.683 
.580.2 0.369 0.,527 0.4.59 
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TABLE II (continued) 
Run lf..12 (continued) Absorbance 
Time >.. = 362 nm >..= 395 nm >.. = 410 nm 
(minutes) 
1343.5 0.132 0.217 0.203 
2053.0 0.085 0.149 0.147 
IV 
0.054 0.114 0.120 
Run 11..13. Absorbance 
Time 
(minutes) 
>.. = 362 nm >.. = 395 nm >.. = 410 nm 
o.o 0.895 1.193 1.015 
118.1 0.750 1.003 0.859 
218.3 0.610 0.837 0.715 
326.5 0.510 0.703 0.605 
583.1 0.338 0.481 0.418 
1347.0 0.121 0.198 0.183 
1725.8 0.096 0.156 0.151 
2055.3 0.078 0.136 0.134 
(I) 0.061 0.108 0.114 
Run tf.14 Absorbance 
Time >..= 
(minutes) 
362 nm >.. = 395 nm .\ = 410 nm 
o.o 1.037 1.375 1.181 
70.5 0.898 1.201 1.016 
240.1 0.666 0.902 0.779 
345.2 0.560 0.769 0.660 
431.0 0.487 0.673 0.581 
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TABLE II (continued) 
Run #14 (continued) Absorbance 
Time .\ = 362 nm 
(minutes) 
.\·= 395 nm .\ = 410 nm 
679.5 0.327 0.467 0.411 
1437.3 0.141 0.214 0.203 
2142.5 0.091 0.147 0.149 
(I) 
0.065 0.116 0.120 
Run #15 Absorbance 
Time .\ = 362 nm .\ = 395 nm .\ = 410 nm 
(minutes) 
o.o 0.897 1.192 1.013 
70.0 0.772 1.0,36 0.881 
240.2 0.572 0.774 0.667 
.345.8 0.467 0.645 0.556 
429.2 0.400 0.556 0.482 
680.6 0.263 0.388 0.3.39 
14,38.1 0.110 0.175 0.167 
2141.9 0.077 0.129 0.128 
flo 0.062 0.102 0.105 
Run tf.16 Absorbance 
Time .\ = .362 nm .\= .395 nm .\ = 410 nm 
(minutes) 
o.o 0.754 0.996 0.844 
70.) 0.660 0.884 0.750 
234.9 0.492 0.665 0.563 
.346.1 0.408 0.555 0.479 
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TABLE II (continued) 
Run #..16 (continued) Absorbance 
Time A= 362 nm A= 395 nm A.= 410 nm 
(minutes) 
430.0 0.350 0.490 0.418 
680.4 0.232 0.328 0.286 
1438.5 0.091 0.146 0 .138' 
2142.5 0.063 0.109 0.108 
2889.8 0.053 0.094 0.094 
Q) 
0.049 0.088 0.091 
[H+) = 0.10 M 
Temperature = 45.0'C 
Cell path= 1.00 em 
Run :fi.1Z Absorbance 
Time 
(minutes) 
A= 362 nm A.= 395 nm A= 410 nm 
0.0 0.635 0.855 0.728 
63.9 0.5.59 0.764 0.654 
187.9 0.430 0.595 0.512 
250.0 0.381 0.531 0.456 
543.4 0.227 0.326 0.287 
1207.0 0.097 0.154 0.146 
1340.4 0.083 0.138 0.132 
1575.1 0.066 0.118 0.117 
1961.4 0.054 0.105 0.107 
Q) 0.046 0.087 0.090 
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TABLE II (continued) 
Run 1/..18 Absorbance 
Time A= 362 nm A= 395 nm A= 410 nm 
(minutes) 
o.o 0.871 1.168 0.990 
62.0 0.763 1.028 0.880 
183.7 0.598 0.842 0.713 
247.4 0.527 0.727 0.622 
539.1 0.314 0.454 0.401 
1202.5 0.129 0.195 0.186 
1382.5 0.092 0.161 0.156 
1572.1 0.083 0.147 0.146 
1956.6 0.062 0.124 0.128 
(I) 0.049 0.105 0.113 
Run #12 Absorbance 
Time A= 362 nm A= 395 nm A= 410 nm 
(minutes) 
0.0 0.722 0.961 0.823 
63.8 0.630 0.853 0.726 
186.8 0.498 0.671 0.575 
250.0 0.439 0.608 0.528 
542.3 0.267 0.378 0.331 
1205.6 0.106 0.168 0.158 
1385.5 0.085 0.139 0.136 
1574.1 0.079 0.131 0.127 
1959.7 0.056 0.106 0.108 
(X) 0. 01}2 0.088 0.094 
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TABLE II (continued) 
Run #20 Absorbance 
Time >. = 362 nm A= 395 nm A = 410 nm 
(minutes) 
o.o 0.628 0.850 0.724 
82.1 0.540 0.723 0.615 
226.9 0.406 0.560 0.481 
321.5 0.335 0.473 0.407 
395.8 0.287 0.408 0.349 
700.7 0.176 0.256 0.228 
1447.0 0.078 0.128 0.123 
.1809.0 0.063 0.109 0.107 
2120.6 0.050 0.097 0.100 
(I) 0.041 0.084 0.091 
Run #21 Absorbance 
Time A= 362 nm A= 395 nm >. = 410 nm 
(minutes) 
o.o 0.585 0.?90 0.670 
120.5 0.455 0.619 0.526 
234.2 0.355 0.501 0.430 
365.4 0.281 0.395 0.339 
540.1 0.204 0.295 0.258 
672.0 0.166 0.240 0.212 
1340.4 0.074 0.121 0.115 
1667.8 0.061 0.103 0.101 
(I) 0.043 0.075 0.080 
34 
TABLE II (continued) 
(H+) = 1.0 M 
Temperature = 35.0"C 
Cell path = 1.00 em 
Run #22 Absorbance 
Time -' = 362 nm .\ = 395 nm .\ = 410 nm 
(minutes) 
o.o 0.625 0.829 0.706 
417.2 0.511 0.679 0.586 
11.39.9 0.357 0.493 0.424 
1478.2 0.304 0.428 0.372 
1809.0 0.266 0.370 0.325 
2628.0 0.195 0.278 0.246 
3370.1 0.147 0.214 0.195 
3940.8 0.124 0.182 0.170 
4786.4 0.097 0.150 0.143 
5436.5 0.086 0.135 0.130 
6210.5 0.070 0.114 0.112 
7000.7 0.064 0.105 0.107 
7584.6 0.060 0.100 0.101 
Q:l 0.052 0.090 0.092 
Run #23 Absorbance . 
Time .\ = 362 nm .\ = 395 nm .\ = 410 nm (minutes) 
0.0 0.708 0.936 0.801 
154.1 0.665 0.878 0.754 
505.4 0.551 0.737 0.635 
1085.9 0.412 0.557 0.483 
35 
TABLE II (continued) 
Run #23 (continued) Absorbance 
Time .\ = 362 nm .\ = 395 nm .\ = 410 nm 
{minutes) 
1931.2 0.275 0.383 0.337 
2580.9 0.208 0.296 0.263 
3354.6 0.155 0.222 0.203 
4145.4 0.121 0.175 0.164 
4730.1 0.097 0.148 0.140 
5606.0 0.078 0.125 0.121 
6242.1 0.-069 0.114 0.112 
7053.4 0.060 0.102 0.105 
7689.2 0.055 0.095 0.097 
Q) 0.044 0.079 0.086 
Run tf..24 Absorbance 
Time .\ = 362 nm · .\ = 395 nm .\ = 410 nm 
(minutes) 
o.o 0.658 0.874 0.750 
318.7 0.554 0.735 0.633 
665.8 0.457 0.613 0 • .530 
1273.6 0.345 0.474 0.408 
2081.9 0.233 0.325 0.284 
2717.6 0.177 0.254 0.232 
3496.0 0.123 0.191 0.178 
4157.2 0.108 0.159 0.152 
4961.6 0.080 0.125 0.125 
5835.1 0.069 0.111 0.114 
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TABLE II (continued) 
Run #24 ( c on·;:,inued) Absorbance 
Time A= 362 nm A= 395 nm A= 410 nm 
(minutes) 
7231.7 0.057 0.095 0.096 
m 0.047 0.080 0.088 
Run #..25. Absorbance 
Time r..= 362 nm x= 395 nm X= 410 nm 
(minutes) 
0.0 0.894 1.176 1.007 
218.3 0.813 1.072 0.920 
927.6 0.572 0.768 0.664 
1626.2 0.413 0.563 0.493 
2391.7 0.290 0.407 0.363 
3140.0 0.213 0.306 0.277 
3788.5 0.168 0.246 0.230 
4604.4 0.129 0.199 0.187 
5726.3 0.100 0.157 0.155 
6226.4 0.080 0.131 0.131 
m 0.063 0.104 0.111 
Run 11.26 Absorbance 
Time x= 362 nm }. = 395 nm }. = 410 nm 
(minutes) 
0.0 0.708 0.918 0.788 
210.0 0.627 0.827 0.709 
917.9 0.438 0.588 0.516 
1618.0 0.336 0.456 0.397 
37 
TABLE II (continued) 
Run #26 (continued) Absorbance 
Time A= 362 nm A= 395 nm A= 410 nm 
(minutes) . 
2383.3 0.240 0.334 0.295 
3131.6 0.179 0.253 0.228 
3780.2 0.143 0.207 0.191 
4596.2 0.117 0.169 0.158 
5718.5 0.096 0.139 0.133 
6218.0 0.083 0.120 0.120 
(I) 0.070 0.093 0.095 
~H+) = 0.10 M 
emperature = 35.o·c 
Cell path= 1.00 em 
Run #27 ·Absorbance 
Time A= 362 nm A.= 395 nm A= 410 nm 
(minutes) 
0.0 1.258 1.668 1.425 
140.7 1.129 1.500 1.283 
588.4 0.885 1.194 1.030 
1217.7 0.619 0.857 0.745 
1539.6 0.518 0.727 0.641 
2070.7 0.390 0.564 0.503 
2737.4 0.273 0.418 0.38.3 
3456.8 0.191 0.310 0.291 
4424.6 0.135 0.2.37 0.230 
5808.7 0.090 0.179 0.178 
72.32.8 0.074 0.154 0.163 
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TABLE II (continued) 
Run #..22 (continued) Absorbance 
Time A= 362 nm A= 395 nm A= 4io nm 
(minutes) 
tO 0.063 0.137 0.149 
Run #..28 Absorbance 
Time A= 362 nm A.= 395 nm A= 410 nm 
(minutes) 
o.o 0.832 1.100 0.945 
300.3 0.692 0.925 0.801 
896.9 0.491 0.673 0.585 
1652.8 0.320 0.460 0.407 . 
2395.4 0.216 0.325 0.294 
3109.4 0.150 0.237 0.220 
3801.2 0.116 0.194 0.183 
4631.2 0.088 0.155 0.153 
5337.8 0.075 0.135 0.137 
6030.6 0.062 0.122 0.127 
7017.2 0.058 0.116 0.122 
tV 
0.049 0.104 0.113 
Run #..22 Absorbance 
Time f..= 362 nm A= 395 nm 'A = 410 nm 
(minutes) 
o.o 1.083 1.437 1.237 
307.6 0.900 1.210 1.045 
903.9 0.626 0.867 0.757 
1659.4 0.405 0.581 0.520 
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TABLE II (continued) 
Run #29 (continued) Absorbance 
Time 
(minu~tes) 
A= 362 nm A= 395 nm A.= 410 nm 
2402.1 0.266 0.410 0.372 
3115.8 0.186 0.300 0.281 
3808.5 0.144 0.246 0.237 
4637.8 0.110 0.202 0.200 
5344.3 0.107 0.192 0.195 
6037.7 0.082 0.164 0.168 
7024.2 0.071 0.150 0.156 
Q) 0.058 0.131 0.142 
Run #30 Absorbance 
Time 
(minutes) 
A.= 362 nm A = 395 nm A= 410 nm 
o.o 0.865 1.145 0.974 
371.3 0.693 0.917 0.788 
1054.4 0.450 0.613 0.532 
1850.7 0.280 0.405 0.356 
2514.2 0.205 0.299 0.265 
3267.1 0.143 0.224 0.209 
4027.1 0.110 0.177 0.165 
4726.2 0.089 0.149 0.143 
5618.2 0.071 0.130 0.128 
7491.1 0.056 0.111 0.114 
00 
0.050 0.097 0.101 
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TABLE II (continued) 
Run..Jl:21 Absorbance 
Time >.. = 362 nm A= 395 nm A= 410 nm 
(minutes) 
o.o 0.729 0.956 0.819 
364.8 0.569 0.765 0.655 
1048.5 0.372 0.515 0.477 
1844.2 0.233 0.335 0.296 
2508.2 0.161 0.240 0.218 
3261.6 0.115 0.179 0.167 
4021.2 0.092 0.145 0.137 . 
4720.5 0.078 0.127 0.123 
5612.4 0.063 0.110 0.112 
7484.7 0.055 0.097 0.099 
Q? 0.050 0.087 0.092 
TABLE III 
P~TE CONSTANTS FOR THE AQUATION 
2+ OF (H20)5CrCH2Br IN THE 
ABSENCE OF OXYGEN 
IONIC STRENGTH MAINTAINED AT 1.0 M BY NaCl04 
-+] /JI =1.0M 
Temperature = 55.0"C 
Run 105 k sec 
A== ~62 run .; A= .395 nm A= 410 nm 
1 11 . .3.3 11.06 11.22 
2 12.02 11.87 11.74 
.3 11.68 11.25 10.47 
4 12.27 11.47 11.45 
5 11.75 12.02 11 .47 . 
[HJ = 0.10 M 
Temperature -;- 55.0"C 
Run 105 k sec 
A= .362 run A= .395 run A= 410 nm 
6 12.74 12.02 12.10 
7 11.72 11.99 11 . .36 
8 11.5.3 11.62 12.06 
9 12.02 11.75 11.86 
10 12.00 11.8.3 11.90 
11 11 . .3.3 12.24 11.79 
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TABLE III (continued) 
[H-+:) = 1.0 M 
Temperature = 45.o·c 
R.un 105 k sec 
A= 362 nm A.= 395 nm A= 410 nm 
12 2.86 2.94 2.99 
13 3.15 3.00 3.11 . 
14 2.81 2.87 1.79 
15 3.14 2.90 2.88 
16 3.00 2.90 3.11 
[HJ = 0.10 M 
Temperature ;- 45.o·c 
Ru...l1 105 k sec 
A = 362 nm A= 395 nm A=:= 410 nm 
17 3.56 3.22 3.19 
18 3.45 3.44 3.49 
19 3.22 3.28 3.33 
20 3.14 3.16 3.33 
21 3.45 3.26 3.36 
[j{+] = 1. 0 !'!! 
Temperature = 35.o·c 
Run 105 k sec 
'A = 362 nm A= 395 nm A= 410 nm 
22 0.921 0.926 0.903 
23 0.882 0.869 0.887 
24 0.952 0.924 0.978 
TABLE III (continued) 
[H+] = 1. 0 M 
Temperature = 35.o·c 
Run 105 k sec 
25 
26 
X= 362 nm 
0.976 
0.987 
[H+] = 0.10 M 
Temperature -; 35.o·c 
Run 






)\= 395 nm 
,• 0.931 
0.879 
105 k sec 






A= 410 nm 
0.950 
0.869 








There appeared to be no wavelength dependence so the rate 
coefficients were averaged over,the wavelengths at which 
values were found. These are given in Table IV. 
Straight lines were obtained from plots of 
ln (At-Am) vs time over 95% of the reaction, confirming 
that .the rate law is first-order in complex. Typical 
plots, neither the best nor the worst, of ln (At-Aw) vs 
time at various temperatures and hydrogen ion concentrations 
are included (Figures J-8). 
Activation Parameters 
Since there appeared to be no wavelength dependence 
or hydrogen ion dependence the rate coefficients at a 
given temperature were averaged and the treated according 
to the expression: 
where 
k = K T/h exp( .:1St /R) exp(- .:1 Ht /RT) 
k = observed rate coefficient 
K = Boltzmann constant 
T - temperature, "K 
h = Planck's constant 
R = gas constant 
.:1St = entropy of activation 
ARt = enthalpy of activation 
Values of .:1Ht and .:1St were calculated on the 
* computer using the program "LOS." A straight line was 
obtained from the plot of ln (k/T) vs 1/T which verified 
TABLE IV 
SUMMARY OF RATE CONSTANTS FOR THE AQUATION 
OF (H2o) 5
crcH2Br
2+ IN THE 
ABSENCE OF OXYGEN 
IONIC STRENGTH MAINTAINED AT 1.0 M BY NaC104 
Rate Law 
-d (complex ]/dt = k [complex] 
Temperature [ H+] (M) 105 k sec 
("C) 
55.0 1.0 11.5 + -. 
55.0 0.10 11.9 + -
45.0 . 1.0 2.96 + -
45.0 0.10 3.32 + -







35.0 0.10 1.05 ..:!:: 0.037 
46 
the values obtained from the computer program (Figure 9). 
The values obtained at 2).0'C were AHt = 24.3 ~ 1.3 
kcal/mole, ASt = -2.7 + 4.1 eu, and k = 2.42 X 10-6 sec-1 . 
* Computer program, LOS, is written in Basic, see Appendix 
II. 
FIGURE 3 
-3.5 GRAPH OF LN (At-A~) VS TIME 
[Hj = 1.0 M 















GRAPH OF LN (At-Aoo) VS TIME 
-3. [!rj = 0.10 M 










GRAPH OF' LN (At -Am) VS TIME 























GR~PH OF LN (At-A~) VS TIME 
12r~ = 0.10 M 
Temperature = 45.0"C 

















GRAPH OF LN (At-A~) VS TIME 
[!r+] = 1. 0 M 
Temperature 35.o·c 




-4.0 FJGURE 8 
GRAPH OF LN (At.-Am) VS TIME 
[Hj = 0.10 M 
-3. Temperature = 3.5.o·c 
-3.0 














-16 • .50 
-16.00 
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FIGURE 9 
DETERMINATION OF ~Ht FROM A PLOT OF 
LN (k/T) VS (1/T) 
J.O ).2 3.3 
.53 
DISCUSSION AND CONCLUSION 
The products for the aquation of the pentaaquo-
monobromomethylchromium(III) complex were hexaaquo-
chromium(III), methanol and bromide in a 1:1:1 ratio 
and the balanced net ionic equation is written: 
According to the kinetic results, the aquation 
is first order in complex, but it is difficult to deter-
mine the hydrogen ion dependence with data ranging from 
1.0 M to 0.10 M hydrogen ion concentration. The rate 
law for the aquation is written: 
-d {9omplei} / dt = kobs ~omplei} 
At lower hydrogen ion concentration (0.01 M [H+]) the 
uniform trend is that the rate is somewhat faster 
(Table IV, pg. 45). It is possible that the rate law 
has an acid independent pathway and anacid dependent 
pathway which is inversely dependent on the hydrogen ion 
concentration. Assuming a rate law of the form 
-d ln &omple-:i} /dt = k + k' /[HJ = kobs 
54 
55 
at 55.o·c and 1.0 M hydrogen ion concentration 105kobs = 
11.54 sec-1 , 105k = 11.46 sec-1 , and 105k" = 0.44 M sec-1 . 
The second term in the rate law is neglible. At 0.10 M 
hydrogen ion concentration the second term contributes 
about 3.7% of the observed rate coefficient, 105k'/0.1 = 
0.44 sec-1 . At 0.01 M hydrogen ion concentration the 
inverse term would contribute about 28% of the observed 
rate coefficient, 105k'/0.01 = 4.4 sec-1 . Thus a rate 
increase should be seen at low hydrogen ion concentration. 
A limited number of experiments showed that the rate did 
increase at 0.01 M hydrogen ion concentration, but there 
seemed to be curvature in plots of ln (At-Aw) vs time. 
The second inverse term may not be first order in complex 
and further work is planned at lower hydrogen ion 
conce'ntrations. 
If a homolytic cleavage was followed, the 
mechanism analogous to that of Schmidt and Swaddle4 might 
be as follows: 
(H o) cr· 2+ + "CH2Br 
slow~ 3+ 'i"CH2Br 2 5 H 0 
(H2o) 6cr + 
2 
'i"CH2Br 






The expected products would be hexaaquochromium(III) 
bromomethane, and probably some dibromoethane. 17 This 
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does not agree with the products obtained and the rate law 
for this mechanism would not obey first order kinetics. A 
large positive ~st value is considered characteristic of 
a homoJ.ytic cleavage but a small negative ~st was found. 
I 
The homolytic cleavage can thus be eliminated as a possible 
mechanism. 
The solvent-assisted mechanism can similarly be 




Again the expected products would be hexaaquochromium(III) 
and bromomethane, which is not observed. 
One possible mechanism is the formation of a 
2+ methanol-chromium(III) intermediate, (H2o) 5
crcH20H , 
since Schmidt, Swinehart, and Taube5 have prepared this 
species and found that the aquation products are hexaaquo-
chromium(III) and methanol. The methanol-chromium(III) 
intermediate could be formed either by a carbonium ion 
or SN2 mechanism. The SN2 mechanism would look like: 
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r2o) 5crc~~ 2+ + H20 
~2o) 5crcH2~H;~ 2+ 




--->~ t2o) 5crCH2~H~ 2+ 
> ~2o) 5crcH2o~ 2+ + H+ 
The rate constant, kobs' measured in this study 
did not show a wavelength dependence which is what is 
expected if appreciable chromium is tied up as the 
intermediate, (H2o) 5
crcH2oH
2+. Therefore calculations 
were performed to show that the available methanol-
chrt:.mium(III) data did not conflict with the data 
obtained in this study. 
Schmidt, Swinehart, and Taube5 studied the 
aquation of a series of alcohol-chromium(III) complexes 
and determined a rate law of the form: 
-d ln ~rL23 /dt = k1 + k2~j = k 
where CrL2+ = (H2o) 5crL
2+ and L = alcohol. For the 
methanol-chromium(III) complex the rate coefficients 
. 3 -1 3 were determ~ned as 10 k1 = 0.70 .±. 0.02 sec and 10 k2 
= 0.32 .±. 0.02 sec-1 at 298'K. If the meth.anol-chromium(III) 
complex is an intermediate then a consecutive reaction 
sequence A 
B = (H2o) 5crcH20H
2+, and C = products, can be used to 
describe the reaction. The maximum concentration of B 
can be computed from the differential equations of 





is the initial concentration of A. To determine 
the time at which B is a maximum the first derivative of 
the above equation was taken and set equal to zero. 
At 25"C, k1 = 2.6 X 10-
6 sec-1 (present work) and k2 = 
-3 -1 5 0.70 X 10 sec then t = 8023 sec. The concentration 
of Bat t = 8023 sec, assuming that the initial concen-
tration of A is 0.01 M is 3.64 X 10-5M. This says that 
at any given time the concentration of the intermediate 
is very small, under 0.4% of the initial concentration 
of complex. 
Scrunidt, Swinehart, and Taube5 determined ~Ht 
and ASt values for the isopropyl alcohol-chromium(III) 
complex. Assuming these values are similar for the 
methanol-chromium(III) complex and are temperature 
independent, the rate coefficients at different temperatures 
* 1 can be calculated. The results are k = 0.107 sec-
-1 -1 k = 0.0453 sec , and k = 0.0182 sec at 55.0'C, 45.0'C, 
and J5.0'C, respectively. ·compare these to the values 
obtained in this work of k = 11.5 X 10-5 sec-1 , k = 2.95 
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-5 -1 10-5 -1 4 X10 sec , and k = 0.922 X sec at 55.0'C, 5.0'C, 
** arid J5.0'C, respectively. This supports the argument 
that as soon as the methanol-chromium(III) intermediate 
is formed it reacts to give the products, hexaaquo-
chromium(III) and methanol. The rate determining step 
would be the formation the the intermediate either through 
an SN2 or carbonium ion mechanism. 
Another possible mechanism is the formation of a 
carbene, which would react immediately with water. 
> 
There are two possible mechanisms19 for the reaction 
of methylene and water: (1) the protonation of methylene 
and (2) the reaction of the methylene with the oxygen 
atom of water. The protonation of methylene might occur 
as follows: 
~-
The acid-independent pathway values were used. 
** The k values are from kinetic runs in 1.0 M perchloric 
acid. 
60 
> H CH+ H 0 2 + 2 
H CH+ H 0 2 + 2 
The reaction of methylene with the oxygen atom of water 
is followed by rear-rangement. 
- + /H 
H2C: + :OH2 -->~ H2C--O, --7 H2CH-OH H 
Whether the breaking of the carbon-bromide bond 
is accompanied simultaneously by the dissociation of the 
chromium-carbon bond or the breaking of the chromium-
carbon bond immediately follows the chromium-bromide 
dissociation cannot be determined. If the carbon-bromide 




~H20) 5crc~:J Z+ 
The empty p orbital of the carbonium ion has the correct 
s~~etry to overlap with the filled t 2g orbitals of Cr(III) 
and might provide a means of stabilization. ~ 
At low hydrogen ion concentration hexaaquo-
chromium(III) might lose a proton from its sphere of 
hydration. 20 It has been observed in many aquotransition 
metal complexes that this proton loss activates the trans 
position. 21 If at lower hydrogen ion concentrations the 
complex, (H2o)5crcH2Br
2+, loses a proton from its sphere 
of hydration and by some mechanism reacts to give the 
products, the reaction could be described as follows: 
K 
A eq ) D + H+ 
D k" -=-->~ c 
2+ + where A = (H2o) 5CrCH2Br , D = (H2o) 5cr(OH)CH2Br , and 
C = products. 
-d [A] /dt = d [c] /dt = k" [n] 
[n] = Keq [ ~ /[Hj 
-d [A] /dt = k"Keq [A] ;[H+] 
This then becomes the second term in the rate law which 
is more important at low hydrogen ion concentrations. 
The rate law which now describes the kinetics would be 
of the form: 
-d ln [comple~ /dt = k + k"Keq/~~ = kobs 
At low hydrogen ion concentrations hydroxide 
attack via a SN2 mechanism is also possible since 
.... 
hydroxide is a better nucleophile than water. The 
inverse hydrogen ion concentration dependence in the 
61 
second term of the rate law would actually be first order 
in hydroxide concentration. 
Although the exact equation cannot be determined, 
the carbene and methanol-chromium(III) intermediate 
mechanisms adequately explain the results that were 
obtained. Further work will be done to clarify the rate 
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Computer Program "RATECONSTANT" 
by 














DIM F(2,2), T(2,2),U(2,2) 
DIM Z(20,2), M(20) 









CORRECTED ABSORBANCE VALUES. 
1100 REM ********** 
1110 INPUT N,O 
1120 FOR K = 1 TO N 
1130 LET X(K,1) = 1.0 
1140 NEXT K 
1150 PRINT "GIVE THE DATA IN PAIRS" 
1160 PRINT "TIME IN FIRST" 
1170 PRINT "ABSORBANCE SECOND" 
1180 REM **.;..L*-l-Hl+~*-** 
1190 FOR I = 1 TO N 
1200 PRINT "TYPE DATA SET" I 
1210 INPUT X(I,2),Y(I,2) 
1220 L(I,2) = LOG(Y(I,2) - 0) 
1230 NEXT I 
1240 REM ********** 
1250 PRINT "ECHO CHECK OF DATA" 
1260 PRINT "TIME .... ABS LOG(ABS - 0)" 
1270 REM ********** 
1280 FOR I = 1 TO N 
1290 PHINT X(.I,2); Y(I,2); L(I,2) 
1300 NEX'l1 I 
1320 REM ********** 
1320 MAT A = TRN(X) 
1330 MAT C = A*X 
1340 MAT D = INV(C) 
1350 MAT E = A*L 
1360 ~~T B = D*E 
1370 MAT H = X-i~B 
1380 MAT F = TRN (B) . 
1390 MAT G = TRN(L) 
1400 REM ********** 
LET Z = 0.0 
FOR J = 1 TO N 
Z = Z + L(J,2) 
NEXT ,J 
REM *"'~****-!~*** 
L2 = Z*Z/N 
MAT T = F*E 
MAT U = G*L 
S2 = (U(2,2)-T(2,2))/(N-2) 
R2 = (T(2,2)-L2)/(U(2,2)-L2) 
D1 = SQR(D(1,1)*S2) 























PRINT II SLOPE= 11 , B(2,2); "ESD OF SLOPE= 11 , D2 
PRINT 11 Y-INTERCEPT = II B(1,2); 11 ESD OF Y-INT = 11 , D1 
PRINT "Y IN 
REM ****-l~***** 
FOR I = 1 TO N 
Z(I,2) = L(I,2)-H(I,2) 
M(I) = ABS (Z(I,2)) 
Q = Q + M(I) 
Y CAL 
PRINT L(I,2); H(I,2); Z(I,2) 
Y IN-Y CAL" 
1620 NEXT I 
1630 REM ********** 
1640 p = Q/N 
1650 PRINT "AVE DEV = II • p ' 




Computer Program "LOS" 
10 REM WRITTEN FOR DR. LARRY 0. SPREER BY ONE OF HIS CHEM 
STUDENTS 
20 DIM X(20,2),Y(20,2),A(2,20),H(20,2),G(2,20),L(20,2), 
M(20,2) 
30 DIM D(2,2),E(2,2),B(2,2),F(2,2),T(2,2),U(2,2),C(2,2) 
40 PRINT "HOW NlANY OBSERVATIONS ARE THERE?" 
50 INPUT N 
55 IF N = 2 THEN 585 
60 FOR K = 1 TO N 
70 LET X(K,1) = 1.0 
80 NEXT K 
90 PRINT "GIVE THE DATA IN PAIRS" 
100 PRINT "TEMPERATURE FIRST, THEN THE CORRESPONDING RATE 
CONSTANT" 
110 FOR I = 1 TO N 
120 PRINT "TYPE DATA SET"; I 
130 INPUT L(I,2), M(I,2) 
138 DIM R(20,2) 
140 X(I,2) = (1000/(L(I,2) + 273.15) 
160 Y(I,2) = LOG(M(I,2)) 
170 NEXT I 
175 PRINT 
180 PRINT ''DATA CHECK" 
190 PRINT " 1000/T 
200 FOR I = 1 TO N 
210 PRINT X(I,2); Y(I,2) 
220 NEXT I 
230 MAT A = TRN(X) 
LOG K" 
-------- --- --·---- ------------ -· ---. 1'1"t't. .. ,,~..,-
2LW MAT C = A*X 
250 MAT D = INV(C) 
a6o IVIAT E = A*Y 
,A7o MAT B = D*E 
~ 280 MAT H = X*B 
2 9 0 IVIA T F = TRN ( B ) 
300 MAT G = TRN(Y) 
310 LET Z = 0.0 
320 FOR J = 1 TO N 
330 Z = Z + Y(J,2) 
340 NEXT J 
350 Y2 = Z*Z/N 
360 MAT T = F*E 
370 MAT U = G*Y 
380 S2 = (U(2,2) - T(2,2))/(N-2) 
390 R2 = (T(2,2) - Y2)/(U(2,2) - Y2) 
400 D1· = SQR(D(1,1)*S2) 
401 D3 = EXP(B(1,2)) 
402 D5 = D3*D1 
403 K = B(1,2) + 3.354016 * B(2,2) 
404 K1 = EXP(K) 
410 D2 = (SQR(D(2,2)*S2))*1.987 
420 R = -B(2,2)*1.987 
428 PRINT 
71 
430 PRINT "ACTIVATION ENERGY="; R;"KCAL"; " ESD OF E =";D2 
432 PRINT 
433 PRINT "FREQUENCY FACTOR ="; D3; "ESD ="; D5 
434 PRINT 
440 PRINT "TEMP LOG K IN 
450 FOR I = 1 TO N 
460 PRINT L(I,2);Y(I,2):H(I,2) 
470 NEXT I 
480 H3 = -(B(2,2) + 0.29815)*1.987 
489 PRINT 
490 PRINT "R SQUARED="; R2 
491 PRINT 
LOG K CALC" 
500 PRINT 
501. PRINT "PARAIVIETERS AT 25 C." 
. 502 PRINT 
510 PRINT "ENTHALPY OF ACTIVATION ="; H3; "KCAL" 
520 PRINT "ESD OF H ="; D2 
530 S3 = 1.987*(B(1,2) - 30.45753393) 
540 D4 = D1* 1.987 
550 PRINT 
· 560 PRINT "ENTROPY OF ACTIVATION ="; S3; "CAL" 
570 PRINT "ESD OF S ="; D4 
580 PRINT 
581 PRINT "RATE CONSTANT =" ; K1 
582 PRINT 
585 PRIN':I.' "YOU MUST PUT IN AT LEAST THREE DATA SETS'~ 
590 PRINT ":MORE? TYPE Y OR N" 
600 INPUT R$ 
610 IF R$ = "Y" THEN 40 
620 END 
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